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By Wilhelm Fucks

Abstract: Freedom from ineiatia)erosion of electrodes, and _reaction
make the leakage current particularly appropriate for the
mezmuremen~ of flow velocities in gases. Apparatus
previously desoribed has now been improved by reducing
the size of the el.ectrodcsby one one--thousandth,as is
necessary aerodynamically, and by increasing the ma~itude
o: the current from 1000 to 10,000 timee; the latter
result was obtained.by use of mercui~ high-pressure lsmps
set up at the one focal point of’an ellipsoidal reflecto-c
with the c.athodsar’ranqedat IdleOthei-focal point or by
use of suitable X–ray iaacliation.Families of calibration
cllcrveswere taken with a number oi’viv~.dtests conditions
of the greatest vai-ietyand the operating properties of
the irictxumentwe:e widely elucidated by calculation of’
the sensitivity to fluct~t.ation;&his was done at first
i“ol+operation at statio~i~ conditions only; due to the
fineedomfrom inertia the instationary conditions were
thus also ,jiven. Accordin@y, the leakage current
anemometer o]q2Jtto be appropriate for investigations of
turbulence,
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1. STATEMENT OF !L’!KEPROBLEM

treatise on the leakage current anemometer (reference1)
started from the fact that it was unknown at first whether by leakage
currents fielcM of cfilitrationcurvei3are at all obtainable and.
whether in the affirmative case they can be utilized anemometimically.
This problem was cleared up completely. Fields of calibration curves
were taken by v~~L”iouskinds of’preionizations, (ultra-violet
radiation, radio-active radiation). The measuring apparatus were at
first arranged for sta~ioilaryflow phenomena exclu~ivoly. The
absolute amounts of amperages of the dzzrkcurrents had the order of

magnitude 10
10 . ..10-10 amperes.

~ the s~~e treatise a theory of the ce,librati,oncurves
was developed.

The present treatise ~tart3 from the statement that the
amperages of the fields of calibre.iioncurves measured so far which
were fully sufficient for the measurements of stationary air flows
were about 10,OCW times too srnsllfor the measurement of finer
fluctuations. Moreover} the size of the electrode~ used GO far was
from an aerodynamic point of view more than 1000 times too large.

fi order to obtain larger currents, fii”stof all experiments
with newly develcpei ultra-violot lamps were carried cut, For
further amplification of the current,experiments were made with a
quartz optic, then with a metal reflector. With the aid of the
lat”terarrangement the desii-edincrease of the current to 10$000
times its magnitude could he obtained even with a smaller modern
ultra-violeb lamp although the size of the cathode compared to the
eerlier experiment had to be reduced to about one-thousandth.

Also, experiments with preionization by X-rays could be carried
so far that finally an iilcrease of the cument to 10,000 times the
amperage of the earlier experimentswas obtained.
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‘ Mesnwhile a strong radio-active preparation became
which is~bein~ tested at the time; a brief relort about
will be made. ‘

3

available,
these tests

After the desired increase of the current to a satisfactory
“ value was obtained, families of calibration curves were taken with
electrodes of aerodxndmi.tallyusahl.eform under the various operating
conditionsof’iniere~t and.were evaluated.

Following, a more detailed report 5.sgiven about
treatises.

2. INCREASE OF TEJlIJ3MLKAGECURRNNT BY USE OF

the enumerated

STRONG

In tho first treatise about the leakage current anemometer
(refereilce1), where UV-racUation was used for Treionization one did not
succeed in taking fieldn o: calibration curves for a hornogenemm

‘ field with wind velocities up to 1255meters per second. With means
available at the 13e$innin2ijhetaking of i’amllie,q01 calibration
ourves proved to be potisillecmly with a strongly iifiomogoneous
ar~ngeuent of electrodes.

Quantitatively there resulted for a,homogeneous field and very
laxge sizes of electl’ofie~a spurious current or the order of magnitude

of 10-11 amyeres (reference1, fig. 29). For Vne inhomogeneous
field there resul-Ledfroma cathode plate of sO millimeters @
opposite a point as anode a spurious current of’alout 10”10 smyerea.
The leakage cvzrent values where anemometric measurement could be
applied are two to five times higher,

The calibration curves of liiefirst treatise measured with
preioniza-tj.onby u-rays ‘91owamperages of the same order of
mag@tude (figs. 1, 39, md kl).

%n this chapter the further development with W-radiation
Will be described. The arrangements treated in chapter 1 still had
two essential &isadvai-itagesfor practical purposes: the sizes of the
electrodes were about ].000times too large and the densities of the
currents about,10,0(?0times too small,

The problem to be solved consisted therefore of reducing the
electrodes to’very small cross sections of the order of magnitude of
1 mi115_meter2and obtaining, as far as possible, in spite of this
reduction higher amperagee thm had been measured so far. With the
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former radiation one obtained f’oran e16ctrode of 30 millimeters @
spurious currents of about ‘jx 10-10 amperes. The production of
spurious electrons cam be assumed a~ distributed - to some extent -
evenly over the ci+os~section. If one reduces the cross section
from 30 millimeters to 1 millimeter, there resultu a cross-secticmal
reduction at the ratio 706:0.8,t hat is,to about one--ninehundredth.
With aid of’the old means of radiation one obtains thus a spurious
current ,anq?era~eof aboi~t ~ ;<10-13 amperes.

With this amperage there was no prospect of performing the
measui-ernentof fluctua.tionti.If one asswnes ~oi-it ceveral thousandths
to hvndredtlm of the oriGinal cui”rent,one obtains fluctuations of the
current of the ordei-of r~gnitude of 10-15 to 10-16 amperes, the
amplification of which encounters, for the available frequencies,
unsurmormtable difficulties.

The first Goal was therefore to increase the spurious current
density by at ieast four powerfiof ten by using new means of
i-adiation. The firm Osmnwas kind enouGh to place modern high-
-pressuremercu:~ V~#Oi”lamps at our disposd. for the desired purpose.i

The lamp was at first placed.in a casing accord~ng to figure 1.
With its aid a Ieaka&e current cLurveaccording to figure 2 was taken.
The arrangeumt of the electrodes was here al’readyreduced to
aerodynamically useful dimensions:
1 millimeter @,

ylatinum electrodes of about
distsnce oi’ihe electi”odes2 millimeters. Neverthe-

less the currents lie still between _io-8and 1o-7 amperes.

Figwes 3 and h show the installation of a lamp 10 times as
strong. With this lamp a,leakage current curve accoi-dingto i’igure5
was obtained, with platinm electi-odesof 1.millimeter $ and
a distance of electrodes of 3 millimeters. - Here the c-.mrents are
already about 10-6 amperes in- spite cf the small sizes of the
electrode%. IIOwever, the lamp is rather large ant, due to the high
DC ~p~in:~~e,the operation is dependent on the corre~ponding voltage
sour?e.

Thus one proceeded to a better utilization of the radiation of
the lamps; firstj an attempt was mado to concenti-atethe radiation
coming through a large solid angle through e quartz optic to the small
cathode su.r:ace. The calculated lenses could not be procured within
reasonable time; no sood results were obtained with special but
rather inappropriate lenses.

Tllercfoi-e,a metal rei’lectcjrwas develo~ed.,the refl~ctor surface
of which takes Lhe form of a nickel–yla’~edcopper cay of’an ellipsoidal

‘I want to extcmd my thanks to the executive director of the
Society for Stu~y of Electric Illtination, Dw. Ewes-t,and also to
Dr. Rompe, for their kind cooperation.
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shape ● The initidl
UV-discharge at the

5

,. . ... . . .. ..- .. ..
conception wad%s’ f?oll’ow%: if ‘one places the
one focal poti,t. pf an ellipsoid, it will be

possible to concentrate a-leifi~e”fia”rtof’”~h’6’ra&iati&throu~> the
reflector at the other focal point of the ellipsoid. Nickel was
selected because thip qaterial has.f.or W the ,strgngest deflection

“. oo~ffic~ent. The photograph,a (fi&* 6(a)j 6(b), ‘and 7). EIhOT7the
reflector ~tith,conical casing, lamp, and the arrangement of’the
electrodes.. ... .. ..:,:;. .~’ t.,i. .,

.-r..,,.
T$6 “elecfiro~es(sma’ilplatinumtires witlnsmell arc welded~;’

,-8’phei*e8at the ends) ,areqdjust~bl.eby micrometer screw. Both
‘“?”:e~’~~t~~es’erae,fad$ene~ on tm,llamber supports (fi~. 7),. .,

.. J,,
..,, .

‘, C6n&ninC the ‘pakh,of’the re’ys .i%’is to b.e noted that, first,.
, _lj26.scnu*cOof radiation is.ndf a point source’and \hat, second.,,the
‘~-o’~s’eof’the r~yg is influenced..by.thequartz v?lls of the la~~

““,~.efocal point must tnerefore be ascertained by expe~iment..

“l?i~ywe8 is to show the effect of the roflecter, .Witqrp,f~ector
.$here resulted for .a dietance,of the electrodes of 2 &l15,meters the
.amperage.presented’at the left Irl.thvnlta~)eof }~.~:In”.With the
reflector Screwed off, nfipleasurablecurrent resulted :e~:en,for>,kv,

Thus with the new arranGeznen&3and expedienlw there resulted an
increase of the current densfty by several po~rersof ten if the
‘cathodeof the anemometer was placed well intc the owter.focal plane.
This is sho~m i.n”fi$;he9 for the two disteilces of the electrodes
2 and 3 millimeters. For L = 3 mi~imeters,, one meaeure~ already
currents up to about ~ x 10-6 amperes. Therewith the desired
amplification of.the current to 10,000 times its previous value is
obtainedl although the cross section of tileelectrodes vas reduced
to ofie-thousandth.of its former value; thus the entire arran~ement
yas improved 106 to 107 times compared wciththe former arran~ements.

Fi..glre10 shows,tllecomparison of two calibration curve~ for
radiation of different intensity, other circumstancesbein~ equal.
Electrodes 1 millimeter @ l%, dj.stance1 millimeter; curve A
strong radiation Uz = ~100 volts, curve B weak radiation,
Uz 4. 65ti volts.

Figures 11 and 12 are given as a supplement; they show in two
different representations test results ottained elsewhere with
another “lamp,after reelection of the test arran~emen%.

Za . 26 millimeters and a = 56 millimeters are the lamp distances.
The volta~es are sometimes no unique measure for JF.
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3. EFFECTOF INDUCTION.“T= PROBLEMOFGROUNDING. ‘

=$TJr~(jN TO ~ G~OwJ’)$SC~JiJ

A few operating peculiarities of the Ieakage+xn?rent anenitmneter
with W-radiation will be briefly discussed in this chapter.

Particularly in case of strong radiation, of larger distances
with strongly inhomogenecw field conditions awl of aptly se.Lected
resi~tanae it happens that the leakage discharge changes almost
Impemeptibly into a “@.ow discharge” which keeps burning even after
the radiation has been discontinued by covering the W-lamp or
disconnecting the imp. The discharge then burns on the calibration
ourve of the so--calledglow discharge)the properties OL’which are
well known with amperages of about 1~5 amperes. If one$ theref~re,
wanta to work at higher ampel’ages and. Larger distances of electrodes
(ordor of magnitude l@ amperes and about 3 millimeters or more
distance) and e.ttaches importance to avoiding the glow discharge
with its peculiarities one must make sure, by covering the lamp,
that one really still deais with currents in the Townsend region,
In this case the current reverts when the radiation is discontinued
sharply to zero and one can ascertaln$ by employing a galvanometers
s~nsit.ivity 100,000 to 1,000,000 times as high that the remaining
current actually is mly an isolated current error of permissible
magnitude, One can also use the glow discharge anemcmetrically, as
will be discussed in detaii in another treatise.

In ueing the leakage current anemometer, particularly ffir

larger r~tios ~ (L distance of the .l@ctrodes, r radius of the

electro,les), one also has tc take the inductive effect of oajects
nea:~by into consideration; in particula~’, the influenoe qffect of
the lzads, the supports, and the protective casing at the reflector
ot the WJ-lamp and, for instances of the blower nozzles. The
following experiment shows the influencing efl’ect:

For a distance oi’ electrodes of 3 millimeters, platinum electrodes
of 1 millimeter @ the lamp with it~ protective casing is to be
completely eliminated, The voltage is to be measured ‘under these
Condi’clions. The voltage then is adjusted to a value about 5 pezwent
below the ignition voltage. If’ the lamp which is at the potential
of the earth is brought near the aparh gap, ignition oocurs at a
distance of the lamp casing from the s~ark Gap of abcut 6 centimeters,
although the voltage liec 5 percent below the ignition voltage of the
unaffooteci spark gq (Compare r9ference 2.),
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The following observation is interesting and
operation as well as for judging the significance

7

impoi”t~t for the
of the thecwyof

tileanemometer: namely, by rev&sing tfiepolarity of the suark gap
in the circuit of figure 13, under certain operating conditions the
current will drop to-a vefi-small value. !l!h~ls,for-instanoe even
w~th the mo~t intense radiation, with, for example, electrodes of
platinum of 1 mill>aetor @ anda spacing of Smillimotezw, the
current through the spark $yrpwill be smaller by several powers of
ten than that measured using the polarity shown in figure 13.

This fact is connected with the one sflde- grounding of the
spark gap as oan be recognized from the followi-ngconsideration:

One first assumes bobh electrodes of the spark gap isolated and
at the potentials Ulo and U20, respectively, with respect to

a~ound. The potential difltei-enceof the spheres shall be designated
by t:~go The coi+re::pondi.ngpartial capzcitieflof’the tipheresw~th

respect to the earth and oiieanother shall bc designated by C1O,

C20> and c12. The chardes of the spherec cc-edenoted ql and qp.

Then the followin~ relations are valid:

(1)

J

Consid.erineat fiwt the syumwtric potential.disbribl~tionwiLh
opposite equal charges t,hoseeque,tiormare specializedas f’ollowu:

O=c
101110 + (C12--

$
‘}C20U2G “1

(3)

Clovlo = -C20U2 or qJ-o= -q20

which is evidently clear at once.

J
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If the second electrode is grounded, the equations (1] are
specified as follows:

UP()=0; Ulo = U12 = u
q~=’(c10+c12) u. 1\

thus

One now considers two limitjng cases: first, the distance
of the spheres L is assumed small compared to the shpere
radius r:

L-. << 1
r

Then

c10—<<1
c12

is valid, and therewith from (7) in first approximation

Q = Q

(5)

(6)

(7)

(8)

(9)

(lo)

as in the symmetrical problem.

Thus the maximum field strength in the center of the two
spheres in (1) practically equals the coi”respondingfield strength
in (2) since here, in air, the fields are determined from

(11)

respectively; second, the distance of the spheres is assumed large
in comparison to the sphere radius. Then one writes with

L.- >> 1
r (12)
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%.0
--- >>1

C12

approximately:

IIq.1 Clo=—
~ cl~ “

(13)

(14)

That means~ there is now ql ~> q2 and therewith the maximum
field strength cm the isolated sphere also is large in comparison
with the maximum field otrength on the grounded.sphere, (Compare
reference 2.) . .

If a dark current flown between tl~eelec+rode~, this circumstance
gives rise to very different ccnsequonces, according to whether the
grotmded cphere is ca~hode or anode,

It the grounded sphere is cathode, a number ef electronsis
freed from i-t.ly the photo-electricpreionization, and the electronic
&&anche swelljng in the direction fron the cathode toward the snode,
enters the strong field ahead of the emode. Thus a very strong
ionization occurs and one ohtaiim a high leakage current,

It is dif.~erenbwhen the grounded electrode is the anode. The
phot,o-elecb~’ic~~llyfreed elccbrons are then rapi~y conveyed from the.
strong field - intc a weuakfield - region at the enode and the
electronic em,alanchefinds just ratthe places, where it reaches in
tinehomogeneous field its very higlhvalues, no longer a strong
acceleratin~ field.. Thus result th~ weak currents for this arrangement
of poles.

This state of th~.ngsmust le taken into consid.orationfor the
cornparioonof the results of the earlier developed theory of the
families of calibration curves (reference1 p. 29 ff.) as well as for
the theory of the Sensitivity to fluctuation of the le~~age current ane-
mometer (reference 2). The theory is strictly valid only for
homogeneous f’~eld,that is} for a circuit as shown in figure 13 the
more accurately the greater the inequality . .

L
-“:< 1
r

is satiefied.
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4. FAMILIES OF CALIBRATIONCURVESWITHW-RADIATION

In order to get to know the properties of the new arrangement
(fig. 7) with veq small electrodes and also considerably reduced
distances of electrodes under va~lous operating conditions, femilies
of calibration curves were taken for the three mentioned distances
of electrodes of 1, 2, and 3 millimeters, which are plotted in
figures 14, 15, and 16.

For 1 millimeter distance the sensitivity of the arrangement
for stream velocities up to 20 meters per second is rather strong,
Between 20 and 75 meters per second the sensitivity drops to a small
fraction. For the larger distances of electrodes the sensitivity is
distributed more evenly over the entiro field of calibration curves
as can be seen clearly in particular from figure 16 for a distance of
the electrode~ of 3 millimeters.

The fsmiliea of calibration curves of figures lk, 15, and 16
are sufficient to determine quantitatively the sensitivity of the
anemometer to fluctuations of the flow velocity. This is carried
out in the following chapters

The junction of the calibration curves with the abscissa was
here and in several following diagrams not taken so exactly as in
the fomuer ones since it was no longer of interest.

5. ABCUTTIE THEORETICALANDEXPERIMENTALDETERMINATIONOF

THESENSITI~TT TO FZOWFLUCTUATIONOF TEJELEAKAGE

CURRENTANF’JJC)METER

In order to see whether measurements of fluctuations of the
desired accuracy are possible by means of,the anemometer and under
what operating conditions the prospects are most favorable, the
sensitivity to fluctuation of the leakage clrrrent anemometer had to
be determined. Therefore a theory of the sensitivity to fluctuation
of the anemometer was developed and numerically evaluated (re~erence3).



.

NACA TM NO, 1178 11

The theory of ’the calibration curves developed in reference 1
gives for the drop AJ of the currmt below the current Jo at., .
zero v’elocity for the stream velocity vB:

. . (1)

Therein represented, as was ‘partly mentioned already,

AJ

Jo

VB
.,

e

E

a

L

H

drop h current

current though

stream velocib~

electric charge

with flow

gap with no flow

in centimeters -per second

of ions

riLhC3YJGC0Q1.Q field atren~bln

viscosity of gas

radius of effective cross section of gs,~molecules

electronic ionization coefficient

distance of electrodes

height of electrodes (for rectcm@ular cross section,
width of electrodes 1 centimeter) . .

spurious current

According to reference 1 one should cm.bstitutefor the function
t(ah):

q! ~u~ ,,,
Ilr(ah)= —-1 (2)

z~(ah -1)+1

,,. . . . . .,
,’..

. .

I — -—.——
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The function is reduced for’ larger distances

(cd)& 2
electrodes with Id >> 1 and. elt(y

V(uhl becomes inand the ‘influence function”
cdl

IVACAIIMNO. 31.78

of the

(3)

approximation

(4)

If one defines a relative anemometric sensitivity to fluctuation
(J amperage, v streem velocity, .&T change of J for change
of v by Av) as

hi?l. .430’
Av/v

an absolute sensitivity to fluctuation as

a?and a fluctuation ratio ~S = ~ as

one has according.to
relative anemometric

%rel,

~s .~ Ann).
Av cm/sec

the theo~J for the absolute smount of the
sen~itivity to fluctuation

*(C!!) lg

[

‘B l(ah)
=— .——.-- l+TIL 1or

Cf.HVll aH

(5)

(6)

(7)

(8)

in second- lowest approximation:
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With

the other defined magnitudes follow therefrom,

Numerically there resulted f’or’instance for a distance of
electrodes of j millianeters~ an operating voltage of 80 percent of
the ignition voltage and a mean flow velocity of 100 meters per
second a relative sensitivity to fluctuation of 15,3 percent.

This result signifies that for an absolute sensitivity to
fluctuation of the order oi magnitude l&[~ to l&> and with
amperages of the order of magnitude- 1 ● V* 1/10 @mperes there
results a fluctuation ratio of 10-11 to 10-12; that is with
fluctuations of the air flow of 1.meter per second there results
fluctuations of the electric current, the amplification of which for
turbulence frequenciesappears balielydiscussable.

According to this result it seemed advantageous to supplement
the theoretical investigation of the sen~itivity to fluctuation
by an experimental investigation. Therefore the frmi.lic:joi’calibra-
tion curves of figures 14, 15, and 16 were taken and the “voltage
curves” of figures 17, 18, and 19 determined from them.

The curves give for fixed voltage the cuuperageas a function of
the stream velocity. The steepness of the curve is a measure for
the fluctuation ratio. It decreases with increasing stream velocity.
For smaller voltages and distances of electrodes it finally tends
toward a constant value.

With increasing mean stream velocities the conditions become
the more favorable the more the separation of electrodes and the
fixed voltage incrcas”~. This can be seen particular~
clearly by comparing figure 1’7with figure .19, FoiI3 millimeters
separation of electrodes (fig. ]9) one has a suffj.cient ~luctuation
ratio for evezy stream velocity frcm O to 120 meters per second.
With SUEQler mean stream velocities the fluctuation ratio increases
considerably here alsoe

This Is not synonymous with an tncrease of the relative
anemometric sensitivity to fluctuation toward smaller vaiues of the
mean stream velocities and a decrease toward large ones, In figure 20
~d figure 21 the relative anemometric sensitivities to flucti~ation
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of
of
In

the two arrangements of
electrodes are plotted:
spite of the variatimm

2 millimeters end 3 millimeters distance
The ~oin’tsmarked are calculated values.

“ind.mle cases it is obvious that the
mlot~ed average values of the curves, in particular for the lower
~oltages, inc=ease monotonouslywith-rising stream velocitY” This

i~ true to the theoretical expectation: (reference3 equation (11)
and reference 3 p, 8)0 The theory is supposed to agree according to its

hypothesis (homogeneous symmetrical field, ,> = 0;
Avy<<l, T<<l~

the letter the smaller voltages, the larger the stream velocities
and the smaller the distances of electrodes.
,“..

Tiewed absolutely, the measured values -of the relativ~ sbnsi-
tivi.ties to fluctuation are slightly higher than the calculated
values. For instence,the values for d.ist~ncesof the electrodes
of,2 millimeters and 3 millimeters ae of the order of magnitude of
one-tenth tc~one (figs, 20 and 21).

Figure 22 gives the absolute sensitivity to fluctuation for
3 mil.limekrs dicta.?nceof electrodes determined from moamarements.
According ho i~heoryit shouldbe independent of the stream velocity
and should increase with decreasing voltage (reference3 equation (15)).
The latter statement is at least qualitatively confirmedly the
experiment: i;he first conclllsion of the theory shoLiLd agree the
letter the larger VB as shown al~o in figure 22.

The result of the experimental detemina,tion of the Bensi%ivity
of fluctuation is therefore that one can, for mean emperage~ of the

leakage current of the order of magnitude between WA and ~~

for fluctuations of turbulence of the flow velocity, count on current
fluctuations of the order oi’ ma~itude of 10-9 to 10-11 amyeres.
These are fluctuations which, for turbulence frequencies, are In
principle controllable by the amplifying technique, Of course one
must not fail to reco~ize that the tests require that the entire
measurin~ apparatus and the voltage supplies are required to be very
steady and free of disturbances and that syecial considerationmust
be given to reducing the capacities resulting from the construction
of the apyaratus.

6.’EXPERILINTTSWITH OTEXRMATERL&LSFORELECTROlX3S

,,

As set forth.ia,the.l~st chapter,there results for UV-radiation
for platinum electrodes.of1 ~~limeter @ there is a lasic

‘ possibility of examining minute fluctuations in the velocity of flow
of air; however, the requirements for freedom from disturbances and
for stability are extremely heavy, Thus the problem ar3ses whether



it is not possible, ly selection of different materials for the
electrodes or by different shapes of the electrodes,,to cre,ate
different conditions where the requirements of constancy of the
voltage source am-l.of freedom from disturbance for the entire
urengement are not so extreme. In thie chapter a few results of
tests with zinc and with aluminum electrodes will be reported,

Earlier tests were made with nickel electrod&: no difference
between the calibration curves for nickel electrodes andfor platinum
electrodes could be ascertained, In figure 23 the calibration curves
of the dark cuz’ren.twere taken i’orzinc electrodes of 1 millimeter @
for three different distances of the electrodes. AS far as form is
concerned, their course does not show any essential difference from
the cor:respondi.~Gcurves for platinum electrodes. The order of
na~titude of the currents also is entirely identical. The course of
tinecalibration curve for 3 millinleter~Nistalce of electrodes which
is quallbabively Aiglltly different m.qvdepend on reasons as they
were stated in chapter three.

Figure 24 shows a family of calibration curve~ with zinc
electrodes, figure 2~, the corre~pondin~ voltage curveH. The conditions
are quite similczrto those for platinum electrodefl,as a comparison
with the voltage curweu of figure 19 will show.

It shall be noted here that the differences in detail of the
various curves which bear the game d.esj.gnationare caused by the
fact that identically labeled curves of this paper can be taken
with cfifferentspurious currents as the lamp useclto indicate lhe
spark gap must be r9adjLlStedeach time. Although one endeavors to
brln~ the cathode exactly into the outer focal vl.s.neof the reflector.— ..
one succeeds practically only to a.more or less good degree,

Since zinc is considerably less stable in air than platinum
since it does not offer any essential advanta~es, compared with
platinum, aa shown in the figures, platinwnwill be preferable.

Another test was made with aluminum electrodes. The results
plotted in figure 26. For aluminum also there were no advantages
compared with platinum,

7. EXFER-IMUJTSINA STRONGLYINHOMOGENEOUS’KCELD

[

,

and

are

The results of t~letreatiae I (reference1) had shown that compared
with the homogeneous field, the inhomogmeous field contitio~ offers under
certain circumota,ncesmuch greater possibilities for influencing the
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rcmu~ts. This fact cave r:se to the taking of fields of calitratjon
curves under conditions of a stron@y inhomogeneoua field. l!Jeva’lJla--
less, one ‘Lockpains to keep the dimensions for the arllangementof
electrodes vei~ small.

Thus an arrangement was selected with an iridium wire of
lj~ mi]l~eter @ as mode and a fine nickel foil as cathode.
Fields of calibration curves for distances of ~, 3, $nd k millimeters
were taken (figs. 27, 28, and 29) .

There appears at once the remarkable result that.the currants -
obtained under otherwise equal conditions are sbcmt five times
larger than for the arrangements discussed so far. However, an
attentive observer T7illnotice immediat.?lly that the voltages involved
here Ite between the “thz-eshold volta~e of the glow discharge and.
the breakdown voltage.

The calibration curves of figures 27, 28, and 29 are ‘Aerefore
for the mosb ?Jartcalibratim curves of a radiating glow discharge.
Only for quite small.anineraCesbelow the threshold voltage does one
deal with ‘Townsendcurrents. For !.hepcesent condj.tions(compare
chapter three) the t?roforms of discharge which are of a different
character will, circumtance;l permitting,,imperce~l,ihlychange into
one another. ‘Theglow discharge cm, therefore, be influenced by
blowin~ in the same way as the Townsend dfscharge; the fields of
calibration curves prove this fact. Therefore, the difference will
no lon~er be specifically minted out in the following consideration.

The fivefold increase of the am~erage obtainable as a maximum
in figures 27, 2R, and 29 is not necessarily cm irmrovement ccmcerntnC
the anemometric sensitivity to fluctuation. This is shown by
figures 30, 31, and 32 in which the voltage curves of the fields of
calibration curves of figures 27, 28, and 29 are plotted. Figure 33
shows the evaluation of these figures with resnect to the anemometric
sensitivity of fluctuation, for the voltage values held at, NiT,
10 lcv, and 12 lw. Here also the relative anemometric sensitivity
to fluctuation Ir.creasesvittlthe stream velocity.

A comparison with the corrasvonding sensiti~ities to fluctuation
for ~latinum electrodes of 1 millimeter @ and 1eos inhomogeneous
conditions of the field for the same distance of electrodes (3 mm)
results, if one considers both fi~ures 33 and. 21. The relative
$en$it?.~ity to fluctuation in the strongly inhome~eneous field is
more unfavorable by shout one vower of ten than for the symmetrical
arrangement of the electrodes of’figure 21. Thus, as far as the
anemometric sensitivity to fluctuation is concerned.,nothing is
~a.inedby the chan,qeto a strongly inhomageneous field3. On the—.

Swith glow discharge.
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contrary, the arrangement has become more unfavorable by one power
of ten.

Figure 34 shows the absolute anemometric sensitivity to
flu~tuation of the a~aqjement. ‘One obtains roughly for not too
small free-stream velocities, similar to the theoretical requirement
in the case of the homogeneous field, approxima-beindependence of
the stream velocity and a higher value for the small voltages. As
results alrea~ Trom the last figure, and as shown ty a comparison
with figure 22, the absolute anemometric sensitivity to fluctuation
also is more unfavorable by approximately one power of ten than the
arrangements discussed in the chapters shove.

The possibilities of a llonee~.ectrodsanemometer;t(compare
re.?ermce 3 p. 3.7) were considered and in
with a l/2-millimeter thick iridium anode
(76mm ~) as cabhode; a larger distance
(20 mm, 30 mm, and 40mn) was selected.

The results of these testfi ai-euhown

Gonnec-tj-ontests were made
and a larger nickel pl{ate
between the electrode~

in i’igures3>, 36, and 37.
One notices at once that here tke ampera~es obtained as a m.xirnurn
have again d.rcrppedto a relatively 3mall cuncurit,namely, once again
to an order of magnitude of’ 10I1A. furthermore, for the lar~er
distances oi’electi-odesit is fitrikirgthat the calibration curves
partly intersect. However, this YhellOmenOOand its consequences
will not %5 discussed more closely here.

The corresponding voltage c.~rvesare pl.ot-~edin figures 38, 39,
and )!0. In figvre 39 in particular the ambi~~ity stands out, ctrongly.
Also, it would have to be inve;ctigatedwhether or not for these
arrangements, in particular for the higher volta~e~ and larger
amperages, a -transitionto the glow discharge takes place which burns
even after the radiation has been discontinued. Since these queutions
are, i’orthe moment, nob very jn,ieresting,they were not further
elaborated.

&. PREIONIZATIOiVBY MEP.NSOF X-RAYS

It appeai-sinteresting to determine whether, circumstances
permitting, more favorable conditions coLlldbe obtained by use of a
modern X--raytube than by UV-.radiation. Figure 41 and 42 yield
the first measurements taken some time before with an old X-ray tube.
The amperages thaL were here obtained as a maximum lie according to
approximate calculation at about ‘5:(10-7 amperes.

An essential increase of the amperage was obtained with a
Mi.illerHigh Performance Metallix Tube (type No. 2~21s/01, filter

.

—
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drive type No. 37401, maximum voltage 60 kv peak, maximum
permissible continuous load.in watts - 800 with half wave input from
a Gratz - rectifier on 1000 wit,hconstant direct cur~’ent)which
was operated with 50 kv and 10 Z and is provided with four
holes foi”the exit of the X-rays (fully
operated with a disk of 1*Q centimeters
the electrod.e~from the anticathode was

By me&~ of ihib tube the i%mlliea
figures L3, hi!.,and ~> were taken. Foi”

protected t’;.be).It was
@ and ‘khediotance of

6.2 centimeters.

0: calibr~tlcm curves or
platinum electrodes of

1 millimeter’ ~ and distances of electrodes of 2 and 3 millimeter.
one obtain~ aperagss which again reach a maximum of 10vA exactly
as they could he cb%ined with UV-i”adiationfor the most favorable
conditions. For the larger distance o-?electrodes th~ amperage is
lower by about one halt.

The volta~e curves pcitainin~ tc the electrcde d.i~tar~ces2
afid3 ti.llirneteroa~e ~hown in figures L6 and 47, Lhe voltage curves
pertainin~ to the kii~gedistance of electrodes of 6 millimeters are
distributed On two Ckii% (figs. !:8and 43); figure U3 ohows the
lower, fi~re !~9the hi~h ‘,-olLLafies.The steepness of tl’:scurvee, in
part~cular for the l~-~eio‘~~’~~%es;iS strikil~.

Ano-the.rcarljer picture shall be given here of calibration
curves with zinc electrodes OT 1 millime~cz’ @ and 3 uill.imeters
distance, this time, however, with a preionization by X-rajr5which
are produced for 30 kv and 5 MA tube current (rig. 50). No new
points of view rcm.i!.t.

9, SUNMARY

In earlier treatiflesit was shown that hy taking grotlpsof
calibration curves w~.thinitial i-d-i~tic~lby UV_.-lamp,by X-rays and
with radio-active pceparatj.om, as well as develcpiriga theoqy
based on the concepts of ge,skinetics, that the dark current dtscharge
can be utilized anemcmetrically (references 1 aul 2).

Frcrnthe aerodynamic point of view the ti~zesof the ~kctin~des
were still shout 1000 times boo lal-~e. The cureenm were abouz
10,000 times ‘LOOsmall if one aimed at fluctuation measurements of
a moi-edelicate character,

In the preser,ttreatise a report is ~@.v.smabwt m lmprove-
~en~ of ~lle a~)~~l”a_b_L1.f3 h ~hl,~ij lc)j~ooj(!()() ti~e~ its effect,lvene~s.
With X-rays and with ‘W-radiation an anplificatlon or the cui”rentof
10,CJOOtimes was obtained although the Qross sections of the
electi-odeswere, for aerodynamic reasona, reduced by about one
one–thousandth. This result was obtained by devehpment of an elliF -
soidal rell.ectoi-for the UV-radiation of a mercu~ high-pressure lsmp.
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With the new arrangements, families of calibration curves were
taken under operating conditions of,.thegreatest vai”iety. By
calculation of the voltage curves and of the relative. and absolute
anemometric sensitivities to fluctuation the operati~ propert:les
of the instrument for stationary conditions were exhaustively made

1
clear and the data for the pezfonnance of measurements of fluctuation
obtained.

The testiwere at first limited to W-radiation
arrangements and to arrangementswith X-rays as preionizor:j..With
respect to order of magnitude about identioal conditions resulted
foi-both kinds of preionization.

TestBwith anodes of varimm materials showed that no material
gave more f~voi-~bl~ conditions than @atinum.

Tests in strongly inho?nogeneousfields for, nevertheless, very
small anode - alwmgenlents (iridium yoint vei-~usfine Vlatinum foil
of 3 mm @ ab mall distance) led.]“i-omthe dark dischai”ge~.ntothe
rad:atin:;glow cU~chaFge. The c~n~tions for thin fo~~ of dischar~e
also were thorou@lly invcwti:ated by takind several fields of
calibration curves and ‘bycalcula-tinSthe voltaae curves as well as
the anemometric sensitivitieflto fluctuation. T:lelatter proved to
be more wxiavorcible(iIyone power of ten) for this arran~;ernentthan
for the former ones. Nevwtheles~ the arrangeznentgives at least
equally favorable conditions for the measurement of fluctuations
since the currents lie - viewed absolutely --by one power of ten
hi@er.

AS far as the desired measui-ementsoi’i’1.tctuat.i.cm are cimcerned,
the preseilttreatise hrin~s the result that it ou~;htto be possible -
in pi”inCi@e~ at least - by using various methods- to make meamwe-
ments o.~minute fluctuation with the devices described; on the
other hand thel”erefiultsquantitatively that the required confitance
of all volta~e sources a~-well as the merit of the e.qlii’ieri’or
turbulent fre~uenciec (particularlywith reflpectto minimizing
cayacity) have to satisfy extremely hi@ requirements; thus caYmJing
out the rneasuremcnto:~i’lucutationjust about coinc~des with the
limit of todayts technj.calpcmsibilities.

Translated by lki~ L. Mahler
National Advisoly Committee
for Aeronautics
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Figure 3.
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Figure 5.
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Figure 8.
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Figure 23.
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Figure 32.
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Figure 34.
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Figure 40.
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